(2) Japanese Patent Application Laid-Open No. 2001-045763: 
"CONVERTER CIRCUIT' 

The following is an extract relevant to the present application. 

The present invention relates to a circuit for converting AC power into DC power, and 
particularly to a converter circuit having a high power factor controlled such that a harmonic 
component contained in an input current is reduced by using a pulse width modulation 
technique. 

In a single phase PWM converter circuit, rectifying diodes 2a, 2b having low forward 
voltage drop, high-speed diodes 4a, 4b having fast recovery performance and switching elements 
3a, 3b are arranged to perform pulse width modulation control. In order to reduce the size of a 
detection circuit while dealing with a plurality of power supply frequencies, an AC input voltage 
is short-circuited to the primary of one photocoupler 11 through a resistor element and secondary 
voltage of the photocoupler 11 is inputted to a control circuit 10. Frequency Fac or period Tac 
of the AC input voltage is calculated from the inversion period of the secondary voltage of the 
photocoupler thus determining the input frequency. 
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1 

y^:^^&Wt-SPWMa>/<-*[pJKi:. H 

mi& & titz p wm a * ess t . 

hue p wm 3 >v< - * jeijg <o a # m«e & & w-r 5 a ^ m 

ftfl E P W M a w < - * Eh] & o m 13 W£ * & m T h Ht M 

a3$^fctb^mmiwS<5^T, ttrEPWMa 

(2 • Ton+2 • Toff+Tac) /4> 
(2 ■ Ton+2 • Toff +3 • Tac) /4 
$Llfr<0$Ll&*mte'f 5 r t *r»*i:1-5BI*5l 1 KE* 

ft*m*ao*ia»*^*,±*so«rjQiTon. utiEmE 

IfSJLT, 8&ETac*JBl^X, &H)£> Ton^ X tfToff 
Sr^SIU Tonfc L< fiToff #ttttiSi , L**»ofc»'& 
fcfl. W35^flHtS:^l\ Tont> L< II Toff 



2 

jE-tZZk Sr«« t 3 KEtttt a >v<- *H 

#9** Toff 0«*tt»#J:t«Mltt % W2PWM3 
^-^H!K^PWM«iJ«J5»!«^fT9 £ btrmtbt 
5SS*3I3. X<2 4 (wE«t<Oa w<-* B 5So 

ttiamffi«tt*Hi*»o«iaii**oict)±ds?)«JBTo 

Toff o»*tHHisJ:Wllll|[*rfT5»*li» etEPWM 

3 ^ p wM*j»«ffl«w, nmmmxm- 

«a«:tT5<Cd»-C, «rlBPWMfW«l«» (n-l) SIR 

>/< - 9 P WMflJ»-r ^ 4> <75 X h o X > 

^e>i-. MfSPWM^^^-^lHl^OPWM^JIfx^T 

w t <:»« t -f 5 3 HIBtttO a * E&o 

ji^ife^tttSft^afcadaLfcttft, *tUA*«« (I 

I ac | ) £ L % A*«E«je^*6»tt t L < ttWiaEtt 

&%^i^^:Oitfe*fit t tasam^«E^«stwS^ < tic t 

<r>%t&m&$:AJ3mffi.®mW (I lac |*) t-fS. w 

-^H^^A^m^^^aj-r^A^mac^m^ai:, ^ 

&£^a£, WE*fflLfeA*««Rt/#!rE»aLfcai 
^ fit E Id S <5 # M E P W M a > ^ < - ^ IhI K Sr filW f 5 H 



3 

y f >^i:t«»t 6 C i I: J: 9 HE J T 

^ta^tia t)iwsay 7* h/w^ams ^ 
a*«*r**©«mi«:*«u «n«**-*a±ic 

«^tt^ft^L, ltt«B«R*lcX<5< A*«8tK«tt*s 
i 2 ] £*mM t> L < «u L 

a— k^lthi* sw«p^r t tm^tc^&m 
[m*a 1 3 1 xmnm tuit s^m^ssc t 

7f5r tic J: 5«rlBy T * h ^ 

IWEiHW^atts ffi^K«E*Et«t^ttS«t<0»fifJi 
K'soH^iRfFtttBtlAaEiOttflKIFttlBt * 

#*tA*m«eR««t«>IR««:»r, t©Kl*C#L 



^gfl^2- Q-Q-1-- -4 - 5- 7-6"3~H>^--O-0-l— 4~ 5-7-6: 3 T A ;)~\R0 

jWlB*^ yfy^wty • its: t 

35**4 yfy?j»^:Ti»t5: t Mi: tiStrfsy 7 
7t$c t lci tfflfrfsy 7* h/Wz3E*£ftfcMt*^ 

**lt, m^a»*s«ifet^oifc««*«tgt^ 

««^«JER*©«»lttO*J|[«*«r«fflUrA*« 
«BRStt4:»tSU, Aa***>lfe#lt*«ttJU 

. t-rsc t &#*ti-6 = 

ofc»|[«*l:»UT, A;fc«ffi*>lft*Ht4: I Vac K 
A***«»«»*«r I I ac | *. ffl^iHttBERJM: 

$rvdc*. Miayr^ h;K?)>fy^^y^^L, am 

Sf^£OA^ia»t*i^^ i I ac | *oldt IT, T 

d ff = (Vdc*- | Vac | ) / Vdc* + L • ( | I ac | * 
30 — | I ac | *old) /Vdc* 

• t7fa7^m^#«i:t5Ml 4 

(§t#*l 6] MKftMip^Rrtu ifflESRfiKttLTfr 
ofc»*ft«l:»lt, A2>«E<B|6*Mt«: I Vac L 
A*«M6»«t** I lac | * N Hj^)iS«cmi£RS«£ 
$rVdc* N Mieyr^ h/no^fy^^^y^tL, ffidi 

KS^OA^tlSIMI^^ I I ac | *old£: LTx T 

^ d ff = (Vdc*- | Vac | ) /Vdc*+ L • ( | I ac J * 
- I I ac | *old) /Vdc* 

7] WEIHW^Rtt. Btf2^Slc>PtL-CfT 
ofc»H[«*ll»LT, A^SJE(Oi^^iI^ I Vac | , 
W*iB««ffiRStt4:Vdc*t LT, Tie^^C 
dff= (Vdc*~ | Vac | ) /Vdc* 
50 T-gLfcbLfcUdffHttU ltL<liU9'J^^« 



A^m^rffe^m^ I I ac I *, I I ac I *oldtf>^i? £> 
KUBB^A^SEM I I ac | , | I ac | old $rffi^6: 

[38^c7)mfflfttfc9!] 
[0 0 0 1 ] 

[0 0 0 2] 

ft 6 i: 5 M»p-r 6 #JE > * £ Mrffi L T v ^ 0 
W^Ltfs #^Bg6 3 - 2 2 4 6 9 8 IMBV^S'* b tlX 

«4:»JWU-C^5o :©8*8«tt, Hi 9ic^-TJ:p 
4*«k*S. 1-ftfo%, *-JJ^ffi* r '<* 
-K[e)Sgl02a, 102 b. 102 c. 102dtt 
Wtlk, V T? h/H 0 6 k*<< yf->^m=F 1 0 3 t ? 
^ft-Kl04 fc?»3V7^t7-e*«S*lfc#E=i 

>'<-*m&T?m.mnm*ttv . *ff8ictt#rst<o 

[ 0 0 0 3] 021li, Bl 9<0@l*ir«»i-5»9»lH] 
Kll 0(^)«®^o y^8t*>5. 0 2 1 te*31^T* it 
&^l£3 7{;:fc^TR«K«*SVdc*£Bl 9 ^*£fct 
9a, 9bJ: U#e>ixfcjlIR^ii:a«;ffiVdck^KaEVer 
r&^T, ^ 3 2 IT, B 1 9 (D«SE 

111a, 11 lbtl£ 9#^jh,fcfitf£ffl*l I Vac | «:* 
£32 3 1 llA^l L, R^m^if « I I ac* | £«#5 0 ^ 
©I I ac* | fi, .Hi 9^«ttl 1 3 0pfj»«£E"C»ai 
^ixfc^^cOA^mffilt^ I lac |fcitK**3 8T')t 
»S*U *<Dm&ttn I lac err | #*btls *«7 ^ 
1 3 3 MaifctlS. flMK^-frt'* 1 3 3tttA^J« 

5 0 *§«:7^* 1 3 3^ffi^fiitft^3 4iriH<b*U 
»«»3 5^fcodiatt*£H;«£*u 

f PWMout £ft£ 0 '^I'^tlgfSfi^PWMout 
1 9 K^T*/- h^lfrtUSgl 0 5^SX^^f 

[0 0 0 4 ] i20tt, @ 1 9tf)[H)3§(w}otf *m 

*)£>iIi§3?i^T-£>S 5@(DSffi^-f Ktf}g:Sr 4 oil 



-(4MB-2-0-01- — 4 5-7-6 3-(-P- 2-0-0-1- - 4 5-7 6 3 -A) 

6 

K2a, 2b-e«^^ix x ±T-J^*s*a^*-K 
4a, 4b} T?«»jSS<xfcSE«y y y^lglBllAAJFiX 
S„ SJt^y yvJB»oa*i:il, Kll9<D»£fcB* 

gfet9a, 9b#»tt$J»VC^* 0 A^Uffi&^tf) 

«iai(7)fcto^, *«-fe^2 1 3^*«$tu, 

K^y y v f lsIB2 5 la, 2 5 1b. 
251c, 2 5 1 d;6MRtt*>iV ^^jfe*^*!)^®^! 1 
O^afeiiS. P^d. Bl 9^^ttOA^JtE 

&7£<f« I Vac 1 z'&ztztb^yj*- K^y 

212 a, 2 12 b N 212 c, 21 2d#RttbiV 

JSAtfMflPBtt l l 0lciSbtt6o ffilttlBlBl 1 0O& 
i®1*jfctt®2 1 ^CX^^ 
[0 0 0 5] 

[»w^*»bj:5 t-r-saiHl u**uft^6, «*a 

^fcfcfc, ®fc±. £fs)K«iffi<aai8S?Kas#<ft 
t)s »*»ft»*^*< ft5 4r^^5*«*r#UTir^. 
[0 0 0 6] tt3fe»«<o«#-ett, iiii^m^^ 
aa»^»li«6tOO^ A^mEE&^^iJd^A^li«£ 
tt*tf5«lffl*lBll3ft>o*ffl«wft©. iOttU35 J **iwft 
6fcJ0*w. »ffl©fe*^M*«^ft^t>^«-e*ft< ft 

[0 0 0 7] t@BSi^if*>P)©i^oT 

t>l«^$iir^ftt\ 

[0 0 0 8] ^3V/>-^[UK^:oJ: 
±l388<oa*^*'C(±*< , fffi*ft6«^^T, 

[0 0 0 9] 

[^M£#fc-r5fctf>0^g:] »*«ld^8^-CO* 

ms^T^sffiy^^-- Kt77-^ h y #/<y-&t£ 
(i) &to®nz'hmit^ztz&tm»<Dmm%mik-ti 

5^ *^7«)-ftWk«et* J F'lwT«»*L^, 7* h*7* 



f#BB-2-0-0-l- —4-5-7-6 -3-(-p-2-0-0-l- —4-5-7-6 3 A ) 



7 

SiS»FactU<li^»Tac$:»tBL, A*>J3&&£*iJ 

■11"*. 

(2) fcfflE*©«**fi*rSfc<>K:, 7* h*:/? 
Zft«OaJ->«FjaTonfc^e>^7«FMToff i^fflLfc 
HJBTaciffl^T^ (2 • Ton + 2 • Toff+Tac) / 
4, (2 • Ton+2 ■ Toff+3Tac) /4. <D*$M& 

v * ^ (D^mmn iei- * . 

fc**JBJBfttoTfT3. 

(5) K^^^^m-r^fc^ic, mhp^rwu ^a-b* 

(6) £®B»5fe*ft*S-*5fc«>»w, Mflp^Att. M 

t-x if p^D^^JCtf n 

(7) y >T X$r/>^<-f6fcfe. lo(D37^tlt 
t£Z> 11$<nVT? h/W&, tH*§PWM=i >v< — *<7) 2<$ 

(8) »HJE]KOfc*fcft*+Sfcfc. £«fc«iKA;*i» 
\ztt Its m^A^&£-&iaji:-r6®ffc h 7^*£1fc 

^i, m«c h^^^(D-ekiajtb^^$ij»iE]^i^A^L, 

[0 0 10] It 9*^1 3 4-e(D*J8W»i % 

2 o <7) tssmife^ ttj % <m z h i x a ft mss^ £ 



S 

(10) «EKSflra^X^<*«tt«M*C«BrCo 

(11) a*«EORS«l:»Lt, ffl*«E#JJr*<& 

(12) mj«f»a»«^*^<*3eH«iofc«>o««* 

(13) »J«lHlKfi*R<7)55ffi«8li:«^«i«i:om« 

fit: Vdc*^oratw, TIEO«g^lwJ:5fif dff&flOg 
IT, 

dff= (Vdc*- I Vac | ) /Vdc*+ L ■ ( | I ac I * 
- I I ac | *old) /Vdc* 

::t\ r| i ac | *oidj ttifii*«rtf«aEft*te-e*> 

20 £ 0 

[0 0 1 1 ] 

(SiolWffi) HI (a) tt, *S91lw***>*]B 

01 (a) Icfe^T. X«t»l^a^W^f3-^ 
6^lTT7-ixj!iigffi^t- K2a, 2b x ^ -f 
7f>^3a N 3bT*«^^tt, -bT-Aj&SKa^-f 

8, &tf«fii9a x 9b^e>*-5tti*«;Ei*ffliaK^»aE 

8ttl 24oi:t/^^ h*:/? 1 1 
SM^Sa^TV^o 7* h#:/7 1 1 <0-&iB!) 
«lttW««*iXfc^^— K 1 5 117* b#:/7 1 1 <D 
^SffiT*^6 0 ««h7^13ll^V7hf8l 

4£gT, «EEffitt»ttilHlBrt:7* ^7*7 1 1 

* e raftse i o f*. A^m^«# c i ac] ■ m& 

40 Steff&PCout . BficmEEVdc(CS-5^ N *>T 

^lS^3a N 3b<OSW£/^WXigg^|i}^PWMout 

a x 5blIffi^-r5o 
[0 0 1214*3. 3W<-^@8©^!I y 

Hi (a) ir«e>-r. 12)1 (b) i:^tJ: 9 ii, mis y 

4b^^7fy^3a, 3 b ££>#?IJ0gg{r «t I? 
»LT»ltSixfc, 2E^g^^t-K2a, 2 b IC 



[0013] K-£Mff SIK 1 0 ©aWfco^T, ® 2 £ 

out HtjEKK»4*»3 6lCA*$ix, jE3£fctf>*&#|I 
*JH*3 1 fcAASJtS. Ett»»i*a3 

st±i^(D^^«ivdc* fcxitoftttttBEvdcfcas&i: 

««JEK5e»Sffl:AVdc*S:iD» UTl# fe*tfc«flE«MS 

* 3 2(D»JIUi**»3 1 KiSfeiv jEttSIMMti:© 
»»Srfr5. »*ie*ttAA*KJIi*« I lac |* fcft 
9, A^m^^fi! lac I fcttlft»3 8K-CJttk« 
th s AAtXKttflm I I ac I err ^#5 0 

[0014] A^mM^^M I I ac | «1 % mffitttB^S 

i 3*}J:t5^^7 h®ss i 4 *»TjSHK«MfcEi»4 

0**J:tWr9SL*»3 LX'&htltzi><OXh 

tt^^i-^c AAtftMSIV* I I ac | err tt*Mt:7 4 
3 3fc«feiV X*«««H|l**S»36^||ittr5fc 

JMfl«#PWMout*»a. /</^^«*Wflr»PWMout 
feixT, s^^H^a, 3b$rf8tb-f 6, 

mfcyj^* 3 3^11, nfi^K4 i Mat fetus. 

*JJ£^«4 10«*J4tt««£Eta:3efl«lttAVdc* £ t 

[0015} *fc, mfei-^T^fcJftt, 5 

JofcLTl**. 5BS*3 5 0»lft*»i, ^^y^ 
T-3a. 3 bit* 6* 4 yf-^JHttlfci: 

* h/U6T-comffit l> y J: ft ^ J: 
51:2 0 kHz B*fcSv^tt**La±<o«l*fc**Ji s »ffl 

[0016] 03, 04, 0 5, B6I4, SI 2 *>jE5£& 
7t^7'7lH 5 ONt, PCout i^Hi U 

^^<fi a B3tWe>^J:5l:, Hi u^^tomn 
t L o U"<y^JBMt ttBCfcJiKfeftlf^ H i 
OTHo^/«^^L<f5l:it £$7tl2£ 
*S < LT7t h^T-y 1 1 <D-frm<r>mWLZmito-fZ> 

u*»uft*5fe, cttttaitttMfiaun;* 

^£#£1% H i u^/wJBIBfc L o i/K^pio-i 



-MM 2 0-0-1 —4 5-7-6 3-tP-2-G-0-l — 4 5-7-6 3 -A-)- 080 • 
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aasi o-ettpcout «*^ft*>±*s9#js, ton 

(1), ton (2), . . . *IJ:lHfc%T**&tfMtoff(l), 
toff (2), . . . BMPHKTtt, «*.tf, 

5, UMttftll— KM 5 0 H z t> U < 6 0 H z -efc 
S^-e, JWHtt2 0mst>L<til6. 7 xn s fc 9 , 
*-< lyf-yjfH&lktofms OMstMOO^^ht) 
L<(13 3 3^!>yhi«l:<c5, ttMRS&?«>Jg« 

[0 0 17] £*>J:5lwLT»feftfc*««KRtttt:. 

^Mtt3 6 0/4 0 0«roi««)TV>ltrf J:<, 6 OH 
z«)»*tt3 6 0/3 3 3fltToi|torvMttfJ:^. K 

[001 8] H4I4. i3 *ra£tt»B**fe, 

feW fe jMs J: 5 lw. P Cout<oar*>±^ 9 B#£iJ t on(l) t 
ttT& 9 #SI t off (1) fc <D*IB«fi| t P lim^miEtf) 

OS (tac/4) Stt^M^A^T^Q^ifD^ox 
BWB-efcD. tT— ^■Mtpd*62 7 0* (3-tac/ 

4) «*LO**l36SaSc , fe±iSDO-tfB^B^BMBMft6. 

{oo 1 9] eastt, 

1", * y^»*BTfc5, tonUh toff(l)*-C 

tactrtfcM. fcH^PCout^JEflSBM t 'on (2), t' 
off(2)Sr^a9Ur*5< 0 B50*3K:, PCout^Kfk 

®<D$E<tl%M t 'on (3), t , off(3)^^fS'Ji-5c feU, 

pcoutosft* s *ffl"c#*it*Ltfn#«)»3it ft*. 

Sfc, PCout^fcflssPfcWS »Ito 

no), t off {z)&m\>^xmiE®>mzn BiE&m&ft 

40 pS^JiIU5(^ t on (3) OJ; 9 lc, feWtt&fc* 4 ^ > 

9)tf t f on (3) tw*f LtHRit t on (3) tfSftfcifrfrK 
II, ^®JMt'on.(3)$rl^J^gfe-frfc|i^^ffi-rSo w 

^K»*r*it*v\ firfe*^e»T-A^«;»wtt 

[0 0 2 0] ®6^, ^J^®^1 OT- PCout ttiti&m 
50 >f^paytra-^^iff*tSiiTi39, «^R^>& 



11 

*l4^J:5l:Lrv^. B 6 tt 3EIIttR*a*l:j: 

fc*oTV*6. 2 0#iS£>S 

fc, *K«>fll*PCout fc»LT lJB*£JLrt©»*tWH 

5 C 

[0 0 2 1] B7*3j;tfB8li, B2tL*5ttS«5t¥S 
4 1 ^J;5iEiffifiEE»5£B8E{i:AVdc* ofcffl&^rB 

■efcs. 0 7ii, s«i*i;:i8#a*BER» l vac i tm 

ftttHH I ac | fc PWMout©ONfaf>f £<&B8«£ 
^■rt>^"e^>5<, PWMoutWON7af nmffi^if 

— ^ Vpj£*5^Tfi, PWMout ^ON7af-{Mt 
4><£^<tdmin£*<5 0 dmin<D{£tt s M^T-^A^H^ 

r (vdc/vp) - ij -e* 
»E3W<-nfc5:H^ rvdc> 
v P j #MlftftT*>5. rv P >vdcj fc4o 

TV^^I-lt. dainttOHftS. = 

K^ifc-r5«, Uc^ox, iI^(iVdcliv P (D£*m£ 

[0022] H80:7n-^ r - Hi. ftSSiSeJEK: 

AVdc* <TC^S^£^t>C>T*£>5o ^^^"HffWx 
a^-f *>*'httdmin ttfH»0K 1 0 LT 

X x dmintfBrSottA d J: 5 

5 C tU Uniin<AdJ "Cfcmf. *0<3I 8 2 ^ <t iS 
3k *3T*ltixtf«f3 8 3fc3ltf 0 AQf318 2T-/iiEa 
tgffi&^SBfiffiAVdc* SrtS/hJtaDS-fr. #L3l8 3T-fi 
jEflE*Ett£M:1tAVdc* 1 ®^H^ 

»bTVdcj&s*)*9*#<ft<T. x a^-f ft/Mtdmi 
ndS/hS< ft9-r<ffc»*ictt, VdcSr*l^:S-&5«!fS 
asfT*>*t5£>T% (3Kmft/ha*£fe£VdcaMEl( 

[0023] H9I4. 01^)^7^ hA'6 0>«j8£**L 



-WBB-2-G-0-1 4-5-7-6-3 ( P 2 0 0-1 4 5 7 6 3 A)- 
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«»<D=a>f/UjP»jMiT^S. 0 9 T-ii^tfl-tf 

5 C ^^mJiA^^f^^^y h^^g^StSli: 
Hit), ^^f^f V^ T 3a, 3bO*^ yf-y^HJ: 

[ 0 0 2 4 ] B 1 0 |i, B 1 £>®fflc h7^13 O A* 

&ffl-f5 e mflDh^^^i 3tt*«i* : f-efe?). -t?n# 

5c *ff h7^ 1 3<Dffl*#&li#& (A) n^rj: 
zcotztb. (B) *ttS8**fclsIB4 0t:it 

srtms. s^jcttjg«Mffiaii6 4 ooaa^ttSf u 

SLEslK3 9KA*>LT, A^3««0|6»fl[lwKlfc$tu 

50 5c &mmtm» 4 o , *f d js tite 3 9 «j«iieik 

(»2^HJgo^^) Bl Hi. W £ ****** 2 o 
XhZ. **W^*2<Djll6^««OilHlB«ritr±Bl 

twi:«rt-efc«rtBT* *><:>* fcsi^ri, 019^20 
mffi«vdcttLm*e«E*mKSttvdc* tum&wi&z 

«ffi»K««Verrtt*«7 4/U* 1 1 3 2 fcJitfiMS 
#S 114 1 II^P>ix5c 1 1 3 2fiE« 

SI 1 4 1 ttfi«e«ffiB»««Verr Id J: 9 ttflt 7 ^ 
^ 1 1 3 2<DW)ft£®m-tZ$><nX*3b v % zo&mzo 
^T(i»SIE-r6. 113 2 (7)ffi7J|i|Ff 9 

UjE^&K^^ k ^{-^S^3 1 lwafet>iLT»JH***r 
^JPS^ai 1 4 SiciHibi-u «H»36SiPx. biifc«. 

A^m^m^r 1 iac 1* t*5. mmzmithm&te'ik 

40 j&-fZ>o S!9 3lLiESft&^li, Bl. m2(om^\z\'X 
3Ettie«fe^Jft3 6^fflA^teS L. Bl9©»**ctt 
Milla, 1 1 ibl:J;$»Ee*l:«Sl, B20 
«o»*fc:tt h?v^2i l^^yjl r>'@»2 1 2 

a, 2 12b, 2 12c. 2 1 2 dT'fiiffi Lfcfe^lCffi ^-f 
5c 

[0 0 2 5] A^mSEJt^ I I ac I *liAD^glH]^ 3 8 
A^m^fOffi- 15 ii Uft^ I lac I 1 1}m%®& 3 8 
Ttt«StL, AZtmmmmtii® I I ac | err fc»T. » 

«?^* 1 1 3 3i:i^n5o A^«a«« 1 

5(? iac I* fi7-f- K7*9- KKRE^ftl 1 4 OldSfc 
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iPWMout W7>f- K7*y- K«*>K*«:fT<^ ffi 
4 0<Ort*ttffti6i-3 B 1 1 3 3TttA;ti 

KlllWl 1 4 0^«St5 e aog*SJftliifc<£ 
»3 4l;:a&*u *«8 3 5^Ui*i:Jttt**xT^/ux 

[0026] 012 It, 131 n:isitstE*li»«v 
err (^i«7^;^ 1 1 3 2 *5 J: t*« 1 1 4 1 <B 

ttlB^a j/^Htf*>a. SEglS»«Verr fi^l^R 
114 1, *5J:t^(S«ilia^^^^ 1 2 0 3fcAA£*U 
5 0 tt*ail:?*f 1 2 0 311, ttBEKSttMfLVerr 

5e fi«ilil7-<;U^ 1 2 0 305^^11^^ s^^ffcl 

2 o i *s j:t/apnt^a 1207 mafe*u*. 1 

I 4 1 -e<i«ESIM»«Verr *S-tft±l:ft-9t^5 
m&\zte. *4 ^f^tl 2 0 1 *WZ£ 5ir«HP*fr 
bo 12 0 1 (Dtti^ttJDjIf 1 1 2 0 6 1: 

mn^wt 1206 -en, a«*a 12051: 

Ifgl 2 O 5 tinH^S 1 2 0 6t«^Mlt 
^5, aD#^©l 2 0 6<D&M:tem&i§^&l 2 0 4£ 
LX^PS^a 1 2 0 7 [Z^htlh. 12 0 

7 m ffi«aa.7-f /j-* 1 2 0 30^, ^tn 

2 0 7(Dm*t*m&m^&i 2 0 s^sa ltb 

I I (7)^^§§3 1 

[0 0 2 7 ] mi 2^J3ltS»flFW3lfcRWi"5. Ctt 
HAttEEOMiPXtt* MA*t«oili^, fltflgH 

i-fc«xo«5>so*if«*fc#A'r5»^, 

SSS«^«PMI4jE**jS:«* L*i^»##*> 0 . a*fc 
««fca s «c*L*:!K a*4*EE*:HJ*Lfc9 IT, Ia]3§£ 
Mt^:^^fc5c 01 2*>«Mtfc-»-*ttf, Btt>»« 



-(*M2 q-0 : l"^^7-64-4P r 2-0--04^-4-5-7 6-3 A ) 
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Lfc^ 0 x, *Dg#g:i 2 o 7 <Datu*mftmz&& U 
*o i: 5 too, «eimmimm*-«*>* 

BrtfcktWf, ^-fjyf¥Sl20HSHi:5:i;l:J: 

[0 0 2 8] kilRl 1 1^*51* SMR^K 1 1 4 SOU 
MR^R 114 5 ttttflhtEKItu 

fii i 4 5«tc^tia»i-5fc*ot©-ca>!3, mib 
«*4iH»a«3a«»feL*^«[irReuTa3< : £-ejm 

[0 0 2 9] iSi:. «»mEE#*E:Jz*Lfc»frfctfU 
T# 5 0 Cixlis 0 1 1 i:*3^-C, Wtfik 114 1^ 
[0 0 3 0] ftlcB 1 1 ^*3»t5«*«»*0*|flt7>f 

1 1 3 3^»fp^o^-cKwr6 0 «at«w«*tt, 

«3fts*HD+5, :: <0 J: 5 *fW*P* 

w i^-r«t 5**WWfc btvz> 0 mi 5 -eii^gitijg^^ 
ffl^T. »iS/w-^fi8iR 2 i: = C 1 Srt« 

fc, A^«B^l:rtSftR 1 i>m ASixTi^*, 016 14 
Si 5<Oiatt<7>«jfi»*ffi*^Ufct><0"C*>S 0 mi 6 

ttt^5o ::t-, a)i = i/ (ci - R2) , o)2 

= 1/ (C 2 • R 1 ) T^^ 0 T^II^T J: 5 

o-CSStt«:««-r5t:tt. tt*Ba^ftt^*V^E|B] 
xmWJkV'i'-'ffJ ^fr itteZ&b URSi-ixtf J: 

<Diiy ^ Xft^TKttf^Lfev^j: 5i:rsfPffl* s *>6^ 
^-CfcSo U^LttdSb. :ix*tfi^LtJ:5 4, ^ 

50 *fflLfc»«*w»LT«W«*»«**5a*Sil 
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[0 0 3 1 ]@13i)J:OTi4ll r 5&»£Jr 
5c y ^ 1 3 0 1 »K i ©a^l-Ck 9 s 

■7* y# i 3 o 2n&9h¥®-7 >( si'f&m-cibZo :n 

fe<D2o(Ote31»*S:iOjr*Rl 3 0 ZizXl3U%LXffi 
*:7^/^»»&a*»T1-a. 01411 013^ 

1 = l/K i J:Dfiir«ft-eitau. SO^iSfi 
Sc (1/Ts) (^f hjii&lfc) ic 

a**t0*LT^sjB»R (a, a) xvw-^y-r^^i 

[ 0 0 3 2] 01 7*Sj:tf0 18 li, 013. 0 1 4 CO 

n^l301, JnW^R 1 3 0 3 (IB 1 3 t m Ctfc 
5 0 0 1 ^07^ 1 7 0 2i>mi 3<£>f£Si¥i$ 

7^/U^Ml 3 0 2l:ttbotl/^, ^n 7 M70 

&f»ttfbLfct>©T?*>5. 01 811, B) 1 7^18* 

o> 1 J: Pfi^fltttttt-CttB 1 4 oHHttBJC-C*) 

(i. +^S5i-C#6o 0 1 3t^&ll y^x 

[ 0 0 3 3] *C01 1^7>r- K7*I7 — KK*1 1 

fl^l 14 0-Cli. H««EEttSttVdc* irA^m 
I lac | *tA^]tE I Vac | t D T ? h/UftLS: 

d ff = (Vdc*- | Vac | ) / Vdc* + L ■ (I I ac | * 
-| I ac | *old) /Vdc* 



^{^2-0-0-1 4-5-7-6-3 -fP-2-O-O-l 4-5--7 -6 - 3-A-) 
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cr-e, r i iac i*oidj KiM*tii<»nm¥i<$fcx~h 

[0 0 3 4] A^8E | Vac | tt#»9!<7)JB 1 CD 

JO <D*ffl«lw#LT. 1 J: !? fc/>£iMtt£*i;fcte£H8R 
[0 0 3 5] rfrfe<D*JMt©»Wfc* IBBMbi" 

dff = (Vdc*- | Vac | ) /Vdc* 

RJtffiVdc* <nfr*>y> fcjHRoim«ffVdc^ A^m 

HE«<fr I I ac I 19 KSeB4>A2l««Ett I I ac | 

i0 [0 0 3 6 ] £JLbtf>.fc pKl. *»WOJBiarFJB2 0St 
5 0 

(1) A^mS«#^»ttJa»fifcdS/hS-e«M«*ft«r 

(2) A**ffiW«fcffi«*-et*fcH-e#S 

(3) A^m^O^Kjiw*fLTt^^»f^T*#6 

(4) ^Vl-^«^Wttl^OSJp^at ^»AQf31^J^^ 

(5) A*«ffi»«*ttSI»^/>f Xo»»«r^-r^ 

(6) £0&SI3fc#g:V>&< 45* 54. i£«tii;&« 

(7) ^^>-^lwJ:5y^X$:i£aT#5o 

(8) m&jgm**&mh L4^««s ?:/**wfcJB-c 

(9) S^«*^H5.T#, tH4j«E4>£*flHt«:JiHR 

do) A^m^^jEoiST^i^, attcttii«rias-c 

^ (id A*«»mff^±#«F»^ sms^^^iHiigT* 

(i 2) *ji^iBiitu4^(o«»s:ia»Tt, 
#r-#5 0 

(13) A^iEtRJett^e^WT^^-f €r*«>5C 

[0 0 3 7 ] 4*5, ±I2HSfitf)^fgT-(i. ^[El^Sl^i: 
LT. HI (02 0 *>ra C) t L<liSl 9<om!$L\z£ 

5^ 3a, 3b. Sl^t-K4a, 4b^-^T-^ 
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KKtt, t ME*^*- K2 a, 

2bSr»ltT. IHI*f§IBl 1 1 Ofc*9«tt«ai¥«l 

i:#lwM N T«lOx>f y^^^|R^3 b SrPWMMSI 
u yr^ h^i o 6flujo«;E*5ffi:^i*Jii4s 

[0 0 3 8] ±EHJfiO«tt-Ctts mmitt&ffl 
[0 0 3 9] 

B**5»«J2ir, tfttaiHiK^/haft 

[01] (a), (b) He, *»Wfc;&>a>5SBl<DjtiS 
o :x ^0T£>S o 

[0 3] ±fEH2^*5lt«5EftJfe*^»©»^t^i- 
[0 4] ±I5®2{C*J*t6jEK&^^©0»flE^i- 
[0 5] ±!EB2fc*5lt-5jEaife*^»^»^«r^i- 
[0 6] ±l202(C^lt^IE!£^^^^©Oij!j^^^f 
[0 7] HlBio||tto«ttl(r«ft5CK«£KSIIS 
[0 8] IllESfteEtt^WS^^SSrL^i-^n-^-r 

[09] w\w,\onm<DMi&\^tertz>v i)i><nm& 

[0 10] RJJBi ^)3l«(7>jglB^*5»t5««E h7^^^) 
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[011] *J5W«w*^5«2^ = ^>"«— ^SKlw^tt 
[012] BI*2^3ttt^*tt^*5*t5*ffifM«*^* 

[013] &%2<»nm<Dmmt&ftz>mmmm%k<nm 

[0 14] ±1501 3<&flttSM*ttB-e*>6. 

[0i5] «*o«««itp*«)»«7-f /u^oaisH-e 

70 [0 16] ttXom«1H«*^Mflt7^/w^oASKtt 

[017] ±.&m2<Dnm<oj&i&\z&rtz>n,ufflwm<o 

[0 18] ±l£Hl 7(7)j§fi3S4#i40-C*>6 o 
[019] «*^3V/<-^!glBS:^1-«l*iaTfc5. 
[02 0] «*<DfiJS*3 ^-^HHSi^tMH-C 

[02 1] ffi*«ir*5Jt6M«i|ll»o«fa^o 

[02 2] 3 oUffioi^^ n y/<- 

1 Z££ft^t8I 

2 a, 2 b mm? '<<*- K 

3a. 3b ^ ^^^^i^^- 
4 a, 4 b B55$*V K 

6 y T * h ^ 

1 0 ffl#®K 
30 1 1 7^- h^^^ 

i 3 h 7 >^ 

3 6 jEttttJB£^JR 

4 o femmt^m 

4 1 49]S^S: 

1140 7-f-K7*7" K*g£2|S 
114 1 

1145 wis^s 

13 0 1 

1 3 0 2 #§b¥*^& 



II 5] 




Vout 



-(-ftm 2 0 0" I"— 4" 5 7-6 3-(-p-2o-oi - ^-s^-e-sAj- 



iiai] 



[S3] 



(a) 




r 



WW 



PCwit 



PWMost 



■iOR 



(b) 




15 5 m 

l 1_ 



&K*ft 

2*, 9b: Wyr^*— p 

mm-*"* 



VaC 




PC oat 



tonCI) WfO) 



} t tae — tQnC2)-tcnO> j 



[B 1 8 ] 



PCout 



DacJ 



36 



[02] 



AVdc* 



32vf 



*4- 



41*7 4** 



MUL 



UacP 



N 31 



40' 



^ 



on 



3<f 



ft* 



38 

llaclerr 



LoglHl 




34 



Had 



PWMafl: 



osc 
— ^; 



35 



mm 2-0 0-1— 4-5 7-6-3 - ( P-2 0 0-1 4-5-7-6-3- A)-- 



[04] 



[06] 



Vac 




PCout 



l®5] 



PCout 



(3-1)®© 




X on{2) ^ — ^ I on(3) X oft(3) 



t - m tJssr« t '-™ WEST"* 

tonCS) 



-fl- 



it tit t Lifi t t t t 1 1 t 



I I 



LLLLt 



Start 




83 



AV«fc*+aV 



T 



[07] 



[Si 0] 



VP 



Had 



llacl 



PWMout 
duty 






vdcrtn 



. _ Vdc , 



I6| 



40 



39 







K(H-TiS) 












S 






I 


:iacr 




lac 




llacl 



#tt(B) 



w 



t4fr»i--2-0-0-l— 4-5-7-6 -3-(-P-2-Q-Q-l 4- 5-7-6 3 A ) 




-(4$0fl 2-0-0-1 - 4 5 -7-6 3 -( P 2 0 0 1 — 4 5-7-6 3 A) 



[017] 



mi 9] 



1301 



TsKi 



1702 




[02 0] 



be 



213 



/ 



106 



251 

251a \ 212b' 





212d 



2c 5a 



2a 5b 



1/ 




2b 



Had 



Had 



3b 



PWMout 



^ — V 



V<fc 



251b 251d 



110 



12 1] 



Vdc* 



37^tr 



llacl 



Vdc 



-32 



133 



MUL 



llac"|_ llacerrl 



31 



T 

llacl 



mm 




~J-(Jlr9 


-7=1 



JUT! 



ON 
OFF 
PWMout * 



AA 



34 



osc 



35 



— (-^BB 2 0-0-1 — 4 5-7-6-3- (-P-2-0 0-1— 4 5-7-6 3 A) 

[@22] 




"1110 



■7B >- h^-v'Oi^^ 



(72)$g9!# fitffl ftg 



(72)3g?S# /hJII EfUJ 

*R»niCilT* ! * : l , WlO06»lft feT^ 



